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THE UNIYERSAL METRIC SYSTEM. 



FoEMEELT every nation, and almost every village, 
had a particular set of measures, for the word System 
cannot be applied to units taken at random. Evi- 
dently commerce could only be a loser from such a 
diversity of methods of measurement, and, besides, no 
accuracy was possible. The originators of what is 
known as the French Metric System had in view the 
removal o± all these difficulties. 

The Metric System is called French because every 
system bears the name of the nation which introduced 
it, and until this system becomes Universal, or Inter- 
national, it will be styled French. 

Scarcely can any one unhesitatingly answer, accord- 
ing to the methods usually adopted, such questions con- 
cerning the reduction of quantities as the following : 

How many feet, yards, or poles, are there in 5 
miles ? 

How many acres are there in 5 square miles ? 

To render such questions easy of solution, even to 
persons but little skilled in arithmetic, was the aim of 
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the originators of the Universal Metric System, as 
they had not only France but the civilized world in 
view when framing their system. 
The units of this system are : 

1. The Metee for the unit of measure of length. 

2. " Squaee Metee and the Aee " surface. 

3. " Cubic Metee and the Steeb " volume. 

4. " Litee " capacity. 

5. " Gramme " weight. 

Unfortunately, we cannot add here a sixth name 
for the unit of money, consequently all our commer- 
cial necessities but the last can be referred to these 
Jive units. However, as these may prove too small or 
too large, we have m,ultiples and suimultiples. (as well 
as their doubles and halves for the convenience of small 
traders), which are formed by prefixing the Jive above 
words with the following for their multiples : 

Deca, . . . . meaning 10. 

JSecto, . . . . " 100. 

Kilo, .... «. 1,000. 

Myria, .... « 10,000. 

These four names are taken from the Greek. 
And by prefixing them to the following words for 
their submultiples : 

Deci, . .. . meaning ^ = O'l. 
Centi, ... " ^ = 0-01. 

Milli, . , . « 3-jjL^ = 0-001. 

The last three are derived from the Latin. 
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Consequently, only twelve words are necessary to 
express any quantity in this system. 

From the metre we obtain the following : 

Multiples. — Decametre, hectometre, kilometre, my- 
riametre. 

Submultiples.' — Decimetre, centimetre, millimetre. 

From the litre : 

Multiples. — Decalitre, hectolitre, kilolitre, myria- 
litre. 

Submultiples. — Decilitre, centilitre, millUitre. 

From the gramme : 

Multiples. — ^Decagramme, hectogramme, kilogram- 
me, myriagramme. 

Submultiples. — Decigramme, centigramme, milli- 
gramme. 

This system, based on our decimal system of nu- 
meration and notation, was adopted in France in 1799, 
but only became compulsory, to the exclusion of all 
others, since 1840 (and is sometimes for this reason 
called legal). Almost all the nations of the globe 
have adopted it. It was legalized in England in 1864, 
in the United States in 1866. It is employed in most 
scientific works, and to come into common use in this 
country requires but to be adopted by the Government 
in its official transactions. 

THE TTNTT OF LENGTH. 

The unit of length is the metre ([lerpov, measure), 
which is equivalent to the ten-millionth ( nnn r^nn, ) 
part of the distance from the pole to the equator. 
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The distance from the pole to the equator is the 
quarter of the meridian. Hence, 

Metres. 

From the pole to the equator there are 10,000,000. 
From one pole to the other " 30,000,000. 

In a great circle or a meridian " 40,000,000. 

Here we meet with the only objection to the sys- 
tem. Is the distance from the pole to the equator ex- 
actly measured? No; and it cannot be, and, should 
it ever be, it would vary as taught by geology and 
astronomy. Then, why has such an unsatisfactory 
unit been chosen? Because nothing in the universe 
is everlasting, and the earth, notwithstanding its great 
changes, will outlive its inhabitants. Besides, pro- 
vided a unit be adopted and kept as a standard in the 
archives of nations, all the conditions are satisfied, and 
the beauty and simplicity of the fundamental princi- 
ples apply to it. 



One metre = 


: 39-3707904 English inchesi 


Hence the following table : 


Metres, 


Inches. 


Myriametre, or 10,000 


= S9S,101-90i = 6-21 miles. 


Kilometre, 1,000 


- S9,S10-1904: = 3,280 ft. 10 in. 


Hectometre, 100 


= 3,93'7.0Y904 = 328 ft. 1 in. 


Decametre, 10 


= S9Z-101904: =32-8 ft. 


Metbe, 1 


= Zd-Slonoi = 3-28 ft., almost 40 in. 


Decimetre, O'l 


= S-gSTOVOO = almost 4 in. 


Centimetre, 0-01 


= 0-39370'79 


Millimetre, • 0-001 


= 0-0393TO'7 
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The reduction to English measures is easy, when 
the English tables are known. 

The following table is self-explanatory : 



MiUimetras. 






Metbeb. 










1 


Centimetres. 




10 


1 


Deci- 
metrea. 




100 


10 


1 




1,000 


' 100 


10 


1 


Deca- 
metres. 




10,000 


1,000 


100 


10 


1 


Hecto- 
metres. 




100,000 


10,000 


1,000 


100 


10 


1 


Kilo- 
metr.iB. 




1,000,000 


100,000 


10,000 


1,000 


*100 


10 


1 


Myria- 
metre. 


10,000,000 


1,000,000 


100,000 


10,000 


1,000 


100 


10 


1 



We find that 1 metre = 10 decimetres = 100 centimetres = 1,000 millimetres. 
" " 1 myriametre = lOkilometres = 100 hectometres = . . . . 



The Standard Metre, kept in the National Ar- 
chives in Paris, is a rod of platinum, which is only 
exact when at the temperature of 0° centigrade, the 
point at which ice melts. 

The materials of which metres are manufactured, 
as well as the care taken- in making them, depend on 
their destination. 

For measuring dry goods they are generally wooden 
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rods, with only ten divisions answering to the deci- 
metres. 

By architects, engineers, draughtsmen, etc., only 
half a metre (50 centimetres), or rather a double deci- 
metre (20 centimetres), with the millimetres divided 
into two parts (corresponding to 0-0005 metre), is used, 
and this is made of brass, ivory, or box-wood. 

For the use of artisans and others, a folding metre 
of ten divisions, each fold corresponding to one deci- 
metre, is found convenient, and each decimetre is di- 
vided into centimetres and millimetres. This metre is 
made of box-wood, but more generally of brass, and 
sold at a trifling cost. 

By surveyors, tape-lines and chains of 10 metres 
in length are used. 

The decametre (10 metres) and the hectometre (100 
metres) are only employed by surveyors in their cal- 
culations. It is more convenient to say 10, 20, 30 
metres than 1, 3, 3 decametres, and 400, 500, 600 
metres than 4, 5, 6 hectometres. 

The kilometre (1,000 metres) is used as the unit of 
distance, and along roads and railways there are Mlo- 
metric poles or stones. 

The m,yriametre (10,000 metres) is hardly ever used, 
it being inconveniently large (6'21 miles). 

The decimetre (O'l metre) is frequently used, but 
it is still more common to say 10, 30, 30 centimetres 
than 1, 3, 3 decimetres. 

The centimetre (O'Ol metre) is the most common 
submultiple of the metre. 



THE U-NIYERSAL METRIC SYSTEM. H 

The millimetre (O'OOl metre) is very generally made 
use of ; for delicate work like machinery it is the unit, 
and 654 -written on a drawing means 0'654 metre. 
Carpenters, masons, etc., employ the centimetre as 
their unit. 

There are no measures smaller than the millime- 
tre ; but we count by tenths, hundredths, thousandths, 
etc., of a millimetre, when precision requires It is 
not usual to write 0'012^ metre, but rather 0*012j 
metre. 

There is no need of giving rules for reading and 
writing lengths expressed in metres, as these rules are 
essentially the same as those of the decimal fractions 
and numiers. 

For instance, 13,345*675 metres may be read : 

1 myriametre, 3 kilometres, 3 hectometres, 4 deca- 
metres, 5 metres, 6 decimetres, 7 centimetres, and 5 
millimetres. 

Or, 13 kilometres, 345 metres, and 675 millimetres, 
or in any other way we may choose. 

The reduction of French to English measures, and 
conversely, is easily accomplished. 

, , ., ^ 39-37079 X 1,000 39,370-79 

1 ^"""^'''^ = 13x3x5ix40 = -^peo- = 
0-631383 mile. 
Conversely — 

1 mile = ^^„,„„ = 1-6093149 kilometre. 

\J'<3ai.oo6 

The same result is directly reached from — 
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13 X 3 X 5i X 40 



39-37079 X 1,000 



= 1-609 . . . kilometre. 



THE UNIT OF SURFACE. 

The unit of surface is the square metre ; it is the 
area contained within a square each of whose sides 
is one metre long. 

Its multiples and submultiples, as well as their sur- 
faces, are : 

Square myriametre = 10,000' = 100,000,000 sq. metres, 

kilometre = 1,000^" = 1,000,000 

hectometre = 100' = 10,000 

decametre — 10' = 100 

METEE = 1' =r 1 

decimetre = • 0-1' z= 01 

centimetre = 0.01' = O'OOOl 

millimetre = O'OOl' = O-OOOOOl 

From which it appears that — 

1. One square decametre contains 100 square me- 
tres, and not 10, as we might be tempted to believe. 

3. One square decimetre is the -^^ part of the 
square metre, and not ^. In fact, every unit is equiva- 
lent to 100 of the next lower order. 

This must be kept well in view, and is better illus- 
trated by the following diagram representing : 
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—\10 



d 

7 
6 

S 

3 



1 Str€^,a7'e J)ecin?£^e 



Coyvteun/7-i^ 



iOO Sff^are CeM^me^s 



or 



iO,000 AT^iOire ]\MIl[metres. 



Aectzon. ^ /O s^icare ee7t^7netn!S . 



SO', cm 
'or 



100 

sn.Tn.Tn 



^M 



Although 1,000 metres make 1 kilometre, 1,000 
square metres make but 10 square decametres. To 
prove it, let us in the above diagram suppose that the 
millimetres (O'OOl metre) are metres. Then 100 square 
metres cover the square A^ and 10 such squares or 
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(100 X 10 = ) 1,000 square metres give but an hori- 
zontal section, or rectangle 31 W. But 100 square 
metres make, as seen in the diagram, 1 square deca- 
metre A. Hence, the ■whole rectangle M N'is equiva- 
lent to 10 square decametres. 

Furthermore, the vrhole square containing 10 such 
rectangles is equivalent to 100 X 100 = 10,000 square 
metres. Let us remark also that its side being 100 
metres long or 1 hectometre, 1 square hectometre con- 
tains 10,000 square metres. 

Here we must add that the numbers 10, 1,000, 
100,000, 0"1, and 0"001, having no exact square roots 
(and, had they any, those roots would not he multiples 
or submultiples of ten), consequently these numbers 
are not ttiultiples or submultiples of the square metre. 

Hence, such a number as SS'^S square metres must 
be read 35 square metres 75 square decimetres. The 
7 belongs certainly to an order ten times smaller than 
the units ; however, it does not represent 7 squares 
whose sides are a decimetre long, but 7 rectangles 
of 1 metre in length and 1 decimetre in width. And 
the 5, representing hundredth parts of the square 
metre, are squares whose sides are equal to 1 deci- 
metre. 

Now, such a number as 19,875,643'46,789 square 
metres must be read hy separating it into periods of 
two figures, and adding one zero to the decimal, if odd. 

Kilo. Hecto. Deca. HetrcB. Deci. Genti, Milli, 

19, 87, 56, 43- 46, 78, 90. 
And is read : 19 sq. kilometres, 87 sq. hectometres, . . . 
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Remark. — We say 19 square kilometres, meaning 19 equal squares 
whose sides are each 1 kilometre long; while the expression 19 
Hlomelres square means a square whose sides are each 19 kilome- 
tres long, and whose area is consequently (19X19 = )361 square 
kilometres. 

For surveying, a larger unit than the square metre 
is necessary, and this is the Aee (Lat. area, surface), 
which is the area contained within a square whose 
sides are 10 metres long ; or, more simply, it is a 
square decametre. 

The demonstration of the square metre being un- 
derstood, the multiples and submultiples of the are 
present no difficulty. 

Let us state : 

1. There are no such terms as Decare and JS^lare, 
because these expressions would be equivalent : 

Sq. MetreB. 

The decare, to 10 ares or 100 X 10 — 1,000. 

The kilare, to 1,000 " 100 X 1,000 = 100,000. 
And 1,000 and 100,000 have no exact square roots, and, 
should they have any, these would not be multiples 
of 10. 

3. For the same reason Deciare and Milliare would 
also be equivalent : 

The deciare, to -— = —-- = 10 square metres. 

The milliare, to :r-^r^ = ^ = O'l square metre, 

which numbers have no exact square roots. We have, 
therefore : 
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Myriare = 10,000 ares = 1,000,000 square. metres, or 
1 square kilometre, for v'ljOOO.OOO = 1,000. 

Hectare = 100 ares = 10,000 square metres, or 

1 square hectometre, for ^lOjOOO = 100. 

Aee = 1 are = 100 square metres, or 

1 square decametre, for v'lOO = 10. 

Centiare = 0*01 are = 1 square metre, for \/l = 1. 

The following table explains itself, and shows that 
each unit is equivalent to 100 of the next lower order. 



^ 












J' 

'4 




1 


II 




100 


1 


hi 




10,000 


100 


1 


ll 






1,000,000 


10,000 


100 


1 


PI 






100,000,00.0 


1,000,000 


10,000 


100 


1 


ill 

B it 




10,000,000,000 


100,000,000 


1,000,000 


10,000 


100 


1 


i 

II 

!5 


1,000,000,000,000 


10,000,000,000 


100,000,000 


1,000,000 


10,000 


100 


1 

100 


100,000,000,000,000 


i,ooo,oog,ooo,ooo 


10,000,000,000 


100,000,000 


1,000,000 


10,000. 



The square myriametre is hardly ever employed, 
and then only to express the areas of countries or <!on- 
tinents. 
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The myriare is never used, its equivalent the square 
kilometre, which is really the unit for large areas, be- 
ing preferred. 

The hectare, are, and centiare, are employed in sur- 
veying. Otherwise the words square hectometre, square 
decametre, and square metre, are made use of. 

"We may read indifferently 13,971 ares, 75 centiares, 
or 139 hectares, 71 ares, 75 centiares ; but we do not 
say 1 myriare, 39 hectares, .... 

The reduction of French and EngUsh measures 
is easily accomplished : 1 are = 393"7'' square inches, 
which divided by 12' is converted into square feet, di- 
vided by (13 X 3)' into square yards. For instance : 

393-707' 154,757-161 ,-,„,,, , 

^ "^^ = W^' ^ 1,296 = ^^^'^^^ ''^- ^^'^' ' 

and 1 are = — ; — 393-707° ^ 0-0247114 acre ; 

144x9x30ix40x4 

because 1 acre = 4 roods X 40 poles X 30^ square yards 
X 9 square feet X 144 square inches. 

Conversely : 

^"'''"=0^02M14=^^'^^^1^"''^^- 

The same approximate result is given by — 

144 X 9 X 30i X 40 X 4 6,372,640 . . . 
393^7^ = 154^5^ = ^^'^ "'^'- 
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THE UNIT OF TOLUME. 

The unit of volume is the cubio metre, -which is the 
volume of a cube whose edges are each one metre long. 
Its multiples and submultiples are : 



iljic myriametre = 
" kilometre = 
" hectometre =: 
" decametre = 


10,0003 

1,000» 

1003 

103 


= 


Cubic Metres. 

1,000,000,000,000 

1,000,000,000 

• 1,000,000 

1,000 


" METRE = 


13 


:= 


1 


" decimetre = 


0-18 


— 


0-001 


" centimetre = 
" millimetre = 


0.013 

0-001= 


= 


0-00jj,001 
* 0-000,000,01 



From which it is seen that 1 cubic decametre is 
equivalent to 1,000 cubio metres and not 10 ; that 1 
cubio metre is equivalent to 1,000 cubic decimetres ; 
that 1 cubio decimetre is equivalent to 1,000 cubic 
centimetres, etc. ; in fact, that every unit is equiva- 
lent to 1,000 of the next lower order. 

It is not usual to say one cubic decametre, as the 
min(i comprehends better what is meant when we say 
1,000 cubic metres. 

The multiples of the cubic metre, being very con- 
siderable, are not used, and would only be available in 
astronomical measurements ; but, even then, more ap- 
propriate units are taken. 

The submultiples of the cubio metre are much used. 
Let us, then, illustrate why 1 cubic metre = 1,000 cubic 
decimetres. 

Supposing the following diagram to represent a 
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« cube, whose edges are each 1 metre long. The surface 
M N, being a square metre, contains 100 square deci- 
metres ; but ^ 2' is one decimetre wide, ov -^ ai s q, 




M 



and such a section as the parallelopipedon^JfiV con- 
tains 100 cubic decimetres, viz., 100 such cubes as p t. 
But, as the cube contains 10 equal sections, or paral- 
lelopipedons, we conclude that — 

1 cvhic metre = 1,000 cubic decimetres. 

By a similar demonstration, if the diagram repre- 
sent 1 cubic decimetre, we may prove that 1 cubic deci- 
metre = 1,000 cubic centimetres, and, if it represent 
1 cubic centimetre, this will contain 1,000 cubic milli- 
metres. 

A number such as 0*1 cubic metre is not 1 cubic 
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decimetre, though ^ of a cubic metre, but ( ' = j 
100 cubic decimetres. The number 0'25 cubic metre. 



25 X 1,0 00 
100 



=) 



250 



.though -f^ of a cubic metre, is ( 

cubic decimetres. 

From the above we conclude that, for reading a 
number expressed in cubic metres, we must separate it 
■ into periods of three figures^ and complete if necessary 
the decimal part hy adding one or two zeros. For in- 
stance : 1,456,743*4603752 cubic metres becomes — 

Heeto. Deia. Metres. Deoi. Centi. Milli. 

1, 456, 743- 460, 375, 200; 

and is read : 1 cubic hectometre, 456 cubic decametres, 
743 cubic metres, 460 cubic decimetres, 375 cubic centi- 
metres, and 200 cubic millimetres. 

The following table, containing only the submul- 
tiples of the metre (the multiples would requii-e too 
much, space), shows that for a number to be a multiple 
or submultiple of the cubic metre it must have a cubic 
root multiple or submultiple of 10. 



Cubic Mniimetres. 








1 


Cubic Centimetres. 




1,000 


1 


Cubic Decimetres. 




1,000,000 


1,000 


1 


Cubic Mbtbk. 


i,oo"o,ooo,ooo 


1,000,000 


1,000 


1 
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An . error common to many writers on the Metric 
System is to call the unit of volume stere (from the 
Greek arepeo^, soHd). It had been originally intended 
to take it as the unit, but many names of the system 
have not become general, it being simpler to say 100 
hectares than 1 myriare, 10,000 cubic metres than 10 
cubic decametres. The word stere is only employed 
by dealers in wood for fuel, and 

1 decastere represents 10 cubic metres ; 
1 decistere " -jij of a cubic metre. 

There are besides the double stere, double decastere, and 
half decastere. 

The reduction of French to English measures is 
easily accomplished — 

1 cubic metre = 39"37^ cubic inches. 

39'37' 
1 cubic metre = ^„, = 35'31481 cubic feet. 
13' 

Conversely : 

1 cubic foot = „_ „^ ,„^ = "0383 14 cubic metre. 
35-31481 

The same result is given directly by — 

13' ( 38 cubic decimetres, 318 cubic oentime- 



37= - I 



39-37' ( tres, 019 cubic millimetres. 



THE UNIT OF CAPACITT. 



The unit of capacity is the litre (from Xirpa, a 
measure used among the Greeks), which is equivaleV't 
to 1 cubic decimetre. 
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The multiples and submultiples of the litre are : 

Myrialitre = 10,000 litres = 10 cubic metres. 

Kilolitre = 1,000 " = 1 " metre. 

HectoUtre= 100 " =100 " decimetres. 

Decalitre =10 " = 10 " decimetres. 

Litre = 1 " = 1 " decimetre = -I ^'^^^''^ . 

(61'027cu. m. 
Decilitre = 0-1 " = 100 " centimetres. 

Centilitre = O'Ol " = lo' " centimetres. 

Millilitre = 0001 " = 1 " centimetre. 

The myrialitre, or kilolitre, is hardly ever used. 

The hectolitre is the ordinary unit for cereals, po- 
tatoes, and other dry products ; alcohol, wine, and oil, 
are also sold by the hectolitre. 

The decalitre is very commonly used, also the double 
decalitre. The litre and double litre are employed for 
liquids, as well as for some kinds of vegetables. The 
litre answers to both the gallon and bushel. 

The decilitre and centilitre are used for small quan- 
tities, and the millilitre (1 cubic centimetre) for deli- 
cate operations. 

These measures are made of tin, brass, or wood, 
according to the use for which they are intended. 

Those of tin and brass have generally a height 
double their diameter, those of wood have equal height 
and diameter. Such details are regulated by law in 
each country. 

The reduction of French to English measures may 
be rather complicated, since it has to be, inquired 
whether the wine, beer, dry, or imperial gallon is the 
one referred to. These are respectively equal to 331, 



THE UNIVERSAL METRIC SYSTEM. 23 

283, 368-8, and 377-374 cubic inches. The same diffi- 
culty applies to the bushel. 

THE UJSIT OF WEIGHT. 

The unit of weight is the gramme (from the Greek 
lypanfia, a scruple), which is the weight of 1 cubic centi- 
Tnetre of distiUed water. 

The metre once agreed upon, the only difficult unit 
remaining to be established was that of weight : its 
volume was easy ; but, since the authors of the Metric 
System were compelled to resort to water, the utmost 
care, by the laws of physics, was required to deter- 
mine the weight of a given volume. 

1. The water is distilled. 

2. It is taken at its maximum degree of density, 
viz., 4° centigrade. 

3. At the latitude of Paris, the altitude reduced 
to that of the sea-level and weighed in vacuum. 

One gramme = 15-43334874 grains. 
The following table is self-explanatory : 

Grammes. 

Myriagramme = 10,000 = 10 °'' „f'^l^,?'" = 22'0462125 lbs. avoir. 

Kilogramme = 1,000 =: 1 " = 2-20462125 " 

Hectogramme = 100 = 100 ""'IV-^SS™ = 3-52V oz. avoir. 

Decagramme = 10 = 10 " = 154'323 grammes. 

Gramme = 1 = 1 '' = 15-432348'74 " 

Decigramme = 0-1 = 100 «°„';™™;"' = 1-543... " 

Centigrammes O'Ol = 10 " = 0-154... 

Milligramme = 0-001= 1 " = 0-015... " 
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A mere glance at this table shows that 1 kilogram- 
me is equal to 1,000 cubic centimetres, or to 1 cubic 
decimetre. Consequently, 1 cubic metre or 1,000 cubic 
decimetres weighs 1,000 kilogrammes or 1,000,000 
grammes ; or, again, 1,000,000,000 milligrammes, as 
shown by the table on page 20, where cubic millimetres 
must be replaced by milligrammes, cubic centimetres 
by gram/mes, and cubic decimetres by 1eilogram,m,es. 

Hence an easy method to solve such a question : 

IIow many m,yriagrammes, hilogram,m,es, hecto- 
gram,mes, decagrammes, grammes, decigrammes, centi- 
grammes, and milligramm,es, are there in a cubic 
metre filled with distilled water ? 

A cubic metre = 1,000,000 cubic centimetres, and a 
myriagramme = 10,000 grammes, hence 1 cubic metre 
contains — 



1,000,000 
10,000 
So also — 

1,000,000 

1,000 
1,000,000 

100 
1,000,000 

10 
1,000,000 

1 



. . 100 myriagrammes. 

1,000 kilogrammes. 
. 10,000 hectogrammes. 
100,000 decagrammes. 
1,000,000 grammes. 



h^mm = 10,000,000 decigrammes. 
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1,000,000,000 

TTT = 100,000,000 centigrammes. 

1,000,000,000 , „„„ „„„ .„. 

^j— ^ = 1,000,000,000 milligrammes. 

The gramme is so small a weight that larger units 
are necessary ; the kilogramme is the most general. 
For shipping, freight, etc., the Ton, or 1,000 kilogram- 
mes, which is the weight of 1 cubic metre of distilled 
water, is the unit. There is also the Metric Quintal 
(tenth part of a ton, or 100 kilogrammes). Flour is 
sold by the quintal. 

The mifriagramme is generally replaced by its 
equivalent, 10 kilogrammes. 

The kilogramme is the weight commonly used, and 
is really the popular unit. One generally calls for 2^ 
kilos of sugar, kilo being an abbreviation of kilogram- 
me, and the half-kilogramme is preferred to its equiva- 
lent 500 grammes. 

JSectogramme and decagramme are much in use, 
though it is more habitual to say 100- and 10 grammes. 

The submultiples are employed when delicate meas- 
urements are required ; then we hear also of ■^, -j-J-jj-, 
■j-jljp-0-, .... of a milligramme. 

The expression half a gramme is preferred to that 
of 5 decigrammes. 

The weights of commerce are generally made of 
iron or brass; the submultiples are similar to those 
employed by apothecaries in this country. Their con- 
struction, as that of the litre, is generally determined 
by law. 

2 
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The reduction of French to English measures is 
simple, when it is known that a troy pound is 5,760 
grains, and an avoirdupois pound 7,000 grains. 

THE TTHIT OF MONET. 

In spite of numberless monetary congresses, no unit 
has been adopted, and none yet proposed that can be 
expected to become universal. The difficulties are 
more imaginary than real ; but, on account of a so- 
called patriotism, the adoption of a systein is offered to 
other nations, with the tacit understanding, however, 
that no change shall be made in the system of the pro- 
posing nation. No wonder that such congresses fail. 

For the nations forming the " Latin Union " — an 
international convention which must last until 1880 — 
and who have adopted two standards, one of gold and 
another of silver, the problem cannot be solved, for 
these two commercial products have a constantly vary- 
ing value, and silver must be discarded as a standard. 

The foUovdng table gives the French moneys : 



Gold. 



Silver. 



Talne of the coins 


Weight in 


Diameter in 




in Iranca. 


grammeB. 


millimetres. 


100 




32-25806 


36 


60 




16-12903 


28 


20 




6-45161 


21 


10 




3-2258 


19 


5 




1-6129 


17 


6 




25 


SI 


2 




10 


27 


1 




6 


23 


i 


= BO centimes 


2-5 


18 


i 


= 20 " 


1 


15 
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Bronze. , 



Value of the coina 
in francs. 


■Weight in 
grammes. 


Diameter in 
millimetrea. 


-jV = 10 centimes 
A= 2 " 


10 
5 
2 
1 


30 

' 25 

20 

15 



The franc has no multiples according to the nota- 
tion of the Metric System ; that is, there is no deca- 
franc nor hectofrano, but its submultiples are the 
decime (instead of decifranc), which is employed in 
taxation, and the centime (instead of centifranc). 

Bronze coins are mere tokens, having a real value 
much below that "marked on their faces. 

Gold and silver coins are composed of 9 parts of 
pure metal and 1 of copper. Bronze coins are an alloy 
of 95 parts of copper, 4 of tin, and 1 of zinc. 

The legal value of coined gold is 15^ times that of 
silver, and the value of this latter 20 times that of 
bronze. Consequently, a given weight of gold is worth 
(15^ X 20 =) 310 times its equivalent in bronze. Let 
us remark once more that these values are legal, and 
give trouble to the French Government, as in the 
money market gold is dearer than silver. Hence, the 
fineness of the silver coins below the denomination of 
the 5-franc piece being sometimes modified, the coin 
just referred to is the only legal tender, and the other 
silver and bronze coins are only taken to make up 
small balances. 

A glance at the table shows that bronze and silver 
coins have weights easily memorized, and on this ac- 
count very convenient ; for instance, a weight of 15 
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grammes (about ^ ounce) may be made with three pieces 
of 5 centimes in bronze, or one of 10 and one of 5, or with 

2 and 1-centime pieces ; also, in silver, with one piece of 

3 francs and one of 1, or three of 1 franc, or six of 50 cen- 
times, etc. Besides, 1 franc weighing 5 grammes 1,000 
weigh 5,000 grammes, or 5 kilogrammes in silver, and 

{ ' _ = j 333'58 grammes in gold. Hence the value 

of a given weight of coined gold, silver, or bronze, is 
immediately known, and conversely. The diameter of 
the bronze coins proves available for measuring lengths. 

In this country a like simplicity has been sought; a 
S'Cent nickel piece weighs 5 grammes, and its diameter 
is 30 millimetres. 

We may here observe that the weights and diame- 
ters of coins, in order to be of practical utility, should 
be stamped thereon. 

By an act of March 3, 1873, it is provided that the 
Secretary of the Treasury shall determine the values 
of foreign coins on the first day of January of every 
year, and accordingly the value for 1876 of 

One franc = 19 "3 cents. 

When nations are wUling to agree on a universal 
coinage, they will all have to change their monetary 
system. The French may keep the franc as a name 
and make it 30 cents, and the English their pound and 
make it 5 dollars, so that 1 pound sterling = 5 dollars 
= 35 francs. But the dollar, pound, and franc, will 
have to be altered from their present value. Suppos- 
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ing nations to be wise enough to yield thus much, two 
other very important elements remain to be deter- 
mined — fineness and weight — in such a manner that a 
given weight shall represent a given amount, and for 
this gold does not readily answer. For 1 gramme of 

French-coined gold is worth I -..^-,00 = ) 3 '10 francs, 

or almost 60 cents.' 

As to the monetary unit, the altered dollar seems 
to answer best (it matters little whether it be called 
peso, duro, florin, or thaler), for the franc is too small 
and the pound sterling too large ; besides, many na- 
tions have coins approximating that value. 

At the present time momentous financial problems 
agitate the American Republic, and, on the eve of re- 
turning to specie payments, it would be of the utmost 
importance to study the question. The present junct- 
ure is the most favorable that can be found, but it is 
useless to expect the cooperation of other nations in 
such a reform. The United States Government has 
shown more good-will than any other, at times study- 
ing the propriety of reducing the dollar to the value of 
the 5-franc piece, at others of making it an exact fifth 
of the English pound. The fineness of 9 parts of pure 
metal to 1 of copper is preferable on account of the 

' The advantage of a given weight for a monetary unit is obvious, 
and in conformity with the usage of antiquity. Even now the Eng- 
lish pound sterling derives its origin from one pound-weight of cop- 
per coins, and the Spanish-Americans have a marked preference for 
gold ounces. A gold gramme would be too small a coin, but the unit 
might be 2 grammes ($ri96B), or 6 grammes (IB'BO francs = $2'99). 
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simplicity of these proportions, and in this case a coin 
weighing 5 grammes would offer many advantages, its 
value being 3 actual dollars within less than one cent ; 
but then its submultiples, to be decimal, would greatly 
differ in value from the present ones. It is important 
to notice that, in the expectation of a reform, Japan, in 
1870, and. the Argentine Republic more recently, led 
the way in adopting the yen and the peso fuerte, each 
weighing 1^ gramme of gold in the above conditions. 

CONCLUDING OBSERVATIONS. 

The simplicity of the Metric System is striking (its 
calculations being so easy as to be performed mental- 
ly), and its use cannot fail soon to become universal. 
Once known it cannot be forgotten, and this much can- 
not be said of any other system. In the English tajbles, 
for instance, not even one of the simplest (that of the 
measures of length) can be long remembered. 

The Greek names may seem awkward, and some 
nations may change them, as in France even many 
multiples and submultiples are obsolete ; but the sys- 
tem is decimal, and will always remain so. In the 
foregoing pages we have explained the system as in 
actual use in France, and the problems which we now 
give will make it perfectly clear. 

Let us add that this system does not and cannot 
cover all our requirements — the circumference of the 
circle has been advantageously adapted to it, but this 
division has not prevailed ; the calendar is not per- 
fect, nor is the division of the day. Physics also con- 
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stantly require new units for heat, electricity, hy- 
grometry, etc. 

The following table will be found useful for refer- 



1 yard 



foot 
inch 
mile 

square foot 
acre 

square mile 
cubic foot 



grain = 

1 pound avoir. = 
1 ton (3,340 lbs.) = 
1 gallon (imp'al) =: 



1 metre 

1 kilometre 
1 square metre 



are 

sq. kilometre 

cubic metre 

gramme 

kilogramme 

litre 



0-91438347 metre. 
0-30479449 " 

0-03539954 " 

1-6093149072 kilometre. 



0-093040 
40-46711 

3-59405 
28-318019 

0-06479895 



square metre. ' 

ares. 

sq. kilometres. 

cubic decimetres. 

gramme. 



0-4535926535 kilogramme. 
1-0160475416 metric ton. 
4-54368 litres. 



H 



1-09363307 
3-2808992 

39-3707904 
0-631383 

10-74703 
0-0247114 
0-385496 • 

35-31481 ' 

15-43234874 
3-30463135 
0-220096 

61-037053 



yard. 

feet. 

inches. 

mile (5,380 feet). 

square feet.. 

acre. 

square mile. 

cubic feet. 

grains. 

pounds avoir. 

gallon (imperial). 

cubic inches. 
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PEOBLEMS. 



All the problems relating to the reduction of French to English 
measures, and conversely, must be performed with the following data, 
the number of decimals taken depending upon the degree of accuracy 

required : 

1 metre — 39-370T904 inches. 
1 gramme = 15'432348'74 grains. 

1. How many centimetres are there in a metre ? Of 
millimetres in a decametre ? Of decimetres in a hecto- 
metre ? Of centimetres in a myriametre ? 

2. How many metres, hectometres, kilometres, and 
myriametres, are there in the meridian of the earth ? 

3. How many metres are there in 8 myriametres ; 
15 kilometres ; 327 hectometres ; 25 decametres ; 250 
decimetres ; 250 millimetres ; and 350 ten-millimetres 
(1 ten-millimetre = ^ of 1 millimetre) ? 

4. Write, with the kilometre as unit : 35*05 myria- 
metres ; 325.4 hectometres ; and 325 '35 metres. 

5. Write, with the metre as unit : j-j-jriinrs' °^ ^ 
millimetre. 

6. If a metre of silk be worth $B'1l5, what is the 
price of 48 centimetres ? 
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7. If a train travel at a speed of 50 kilometres per 
hour during 34 hours, how many myriametres will have 
been traveled over ? 

8. What are the f of 17-28 metres ? Of 17-28 kilo- 
metres ? 

9. How many steps, of 34 centimetres, are there in 
a tower 86-4 metres high ? 

10. What decimal fraction of the metre, to 4 places, 
are the j'ard, the foot, the inch ? 

36 13 1 

buffgestion: ^^,^^Q^; 39.3708 ' 39-3708' 

11. Express the value of the metre, to 4 places of 
decimals, in yard and feet. 

13. Convert 3*335 kilometres into miles ; also 3 
miles, 3 furlongs, 3 poles, 3 yards, 3 feet, and 3 inches, 
into kilometres. 

13. A fathom being 6 feet, to what depth in metres 
correspond 15 fathoms ? 

14. Express in kilometre, to 4 places of decimals, 
the value of the mile, and conversely, the value of the 
kilometre in mile. 

15. A sewing-machine sews in 1 minute 335 stitches 
of 4 millimetres each ; how much time would it take a 
seamstress, sewing 4 metres in an hour, to accomplish 
the same work as the machine performs in 13 hours 
and 40 minutes ? yins. 171 hours. 

16. How many square decimetres are there in 1 
square metre, 1 are, 1 hectare ? 

17. How many square millimetres are there in 1 
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square metre ; 1 square decimetre ; 1 square centi- 
metre ; 1 square decametre; 1 square hectometre; and 
1 myriare ? 

18. How many square metres and ares are there in 
155'5 square decametres ? 

19. How many square millimetres are there in the 
■| of 20 square metres ? 

20. Write and add 5 square centimetres ; 5 square 
mUlimetres ; 5 square decimetres ; 115 square millime- 
tres ; 115 square decimetres ; 115 square centimetres ; 
1,004 square millimetres ; 303 square centimetres ; 
1,020 square millimetres ; and 320 square decimetres. 

jins. 4'444444 square metres. 

21. A board whose area is 5"60 square, metres has 
cost $1*60 ; determine the value of the square metre. 

22. Divide 484'0408 square metres into 16 equal 
parts. 

23. The length of a hall is 12'5 metres and its area 
31"25 square metres ; determine : first, its width ; and 
second, how many square tiles, whose sides are 0'25 
metre, are required to coyer it. 

Ans. First, 2 '50 metres ; second, 500. 

24. How many funnels can be made with 26 square 
metres of tin, if each funnel needs 13 square decime- 

. tres of material ? 

25. What are the f of 43 square decimetres ? 

26. What is the ^ of 484^ hectares ? 

Ans. 60 hectares, 56 ares, 25 centiares. 

27. From a piece of pasteboard of 24 square deci- 
metres, how many squares 0"04 metre long can be cut? 
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38. Determine the value of the hectare in square 
feet, square yards, square poles, square roods, and 
acres. 

29. Determine the value of the square kilometre in 
square mile, and conversely. 

First Solution. 
The square kilometre = 39,370-8'' = 1,547,571,610 

square inches. 
The square mile = (13 X 3 X 5^ X 40 X 8)" = 63,360" 

= 4,014,489,600 square inches. 

Consequently — 

^, ,., , 1,547,571 ,610 .„- , ., 

The sq. kilometre = ^^o;^^^^89,600 = ^'^^ °* ^ ^l" '"^^"• 

^, ., 4,014,489,600 „_ . ... ^ 

Ihe sq. mile = ^ ^.i^ ~„^ „^,^ = 3'59 of a sq. kilometre. 
1,547,571,610 ^ 

Second Solution. 
Logarithm 39,370-8'' = 2 X 4-595175 = 9-190346 
" 63,360" = 2 X 4-802500 = 9-605000 

Difference, 1-585346, 
which logarithm corresponds to the number 0-3849. 

Logarithm 63,360" = 9-605000 
" 39,370-8" = 9-19034B 

Difference, 0-414654, which is the log- 
arithm of the number 2-598 -)-• 

30. A meadow of 28 hectares 50 ares is divided 
among three farmers ; the part of the first is to that 
of the second as 11 is to 6, and the third must have 
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3 hectares more than the other two together. Which 
is the part of each one ?• 

31. If 70 centiares of land be worth $56, what must 
be paid for 3 hectares 4 ares' and 4 centiares ? 

83. How many cubic decimetres, centimetres, and 
millimetres, are there in 1 cubic metre and in 1 cubic 
decametre ? 

33. Read the following : 0'03 cubic metre ; 5"5555 
cubic metres ; 6 •3701 cubic metres ; 0'03 cubic deci- 
metre ; 3 "0333 cubic decimetres ; 0*4 cubic centi- 
metres. 

34. How many cubic decimetres are there in the 
■^ of 1 cubic metre ? In 3 decisteres ? 

35. "Write and add : 3 cubic metres and 30 cubic 
ceptimetres ; 5 cubic decimetres and 5 cubic millime- 
tres ; 3,050 cubic millimetres; "12 cubic decimetre; 
0"5 cubic centimetre ; 0'3 cubic decimetre ; 0"3 cubic 
metre ; 30,102 cubic centimetres ; and 3,330 cubic de- 
cimetres. Ans. 5'555555555 cubic metres. 

36. How many cubic decimetres are there in half a 
stere, half a decistere, and half a decastere ? 

37. How many small boxes of a volume of 33 cubic 
centimetres can be packed in a box whose volume is 
1"6 cubic metre ? 

38. How many cubic decimetres and cubic centi- 
metres are there in 13 steres 3 decisteres ? 

39. What height will 3^ decasteres of logs, 1'35 me- 
tre long, attain, if stored in a space 5 metres wide ? 

Solution. — 3^ decasteres = 35 cubic metres = 5 X 
1'35 X height. Ans. 4 metres. 
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40. How many cubic millimetres are there in tbe 
f of 4:"2 cubic metres ? 

41. Determine tbe value of tbe cubic metre in cubic 
feet and cubic yard. 

First Solution. 

39-37' _ 6^1,027_ j 35 cubic feet 544 cubic inches, or 
13' ~ 1,738 ~ 1 35-314 cubic feet. 

39-37' 



7^ =: 1-3 cubic yard. 



(12 X 3)' 

Second Solution. 

Logarithm 39-37' = 3 X 1-595165 = 5-785495 
" 13' = 3 X 1-079181 = 3-237543 



Difference, 3-547952, 
which logarithm corresponds to the number 35-314 

Logarithm 39-37' - 5-785495 

36' = 3 X 1-556303 = 4-668909 



Difference, 1-116586, 
which logarithm corresponds to the number 1-308 +. 

43. How many cubic centimetres are there 4n 1 
litre ? "What is the equivalent of the cubic centimetre 
in a litre ? 

43. What fraction of a cubic metre is 1 decilitre, 
1 hectolitre, 1 decalitre, 1 double hectolitre, and ^ 
hectolitre ? 

44. How many decalitres, litres, decilitres, centi- 
litres, and millilitres, are there in 1 hectolitre ? 
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45. How many decilitres and decalitres are there in 
1 kilolitre and 1 myrialitre ? 

46. What fraction of 1 litre are 5 cubic centimetres, 
50 cubic centimetres, and 500 cubic centimetres ? 

47. Write and add 3 litres 3 decilitres ; 3 deca- 
litres and 3 centilitres ; 10 hectolitres and 35 centi- 
litres. Ans. 1033-68 litres. 

48. How many cubic centimetres are there in 12 
decilitres, 13 centilitres, and 13 millilitres ? 

Ans. 1332. 
, 49. How many kilolitres and cubic decimetres are 
there in 5 hectolitres, 44 decalitres, 55 litres, 37 de- 
cilitres, 86 centilitres, and 440 millilitres ? 

Ans. 1 kilolitre, or 1,000 cubic decimetres. 

50. At $35 "60 a hectolitre of brandy, what is the 
price of the litre ? At 8 cents a litre of milk, what is ■ 
the price of the hectolitre ? 

51. How many bottles of 6 decilitres of capacity 
are required to hold 86 litres and 40 centilitres of 
Uquor? ' Ans. 144. 

53. If 30 hectolitres of oil cost $730, what is the 
price of 1 decilitre ? Ans. 3f cents. 

53- Determine the equivalent of the litre in cubic 
inches, also in imperial gallon. 

First Solution. 
A litre = 3-937'' - 61-02705 cubic inches. 
3-937' 



377-374 



= 0-330096 imperial gallon. 
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Logarithm 3-937' = 3 X 0-595165 = 1-785495 



Second Solution. 
3-937' = 3 X 0-595 
" 277-274 = 2-442909 

Difference, 1-342586, 
which logarithm corresponds to the number 0-220083. 

54. Determine the equivalents of the imperial gal- 
lon in litres and cubic decimetres. 

£, ,. 277-274 
Suggestion: ^.^^^^, - 

55. Determine the equivalent of the litre in pint. 

3-937' 



Suggestion: 277-274 - 
8 

56. Determine the equivalent of a bushel in hecto- 
litre. 

Suggestion. — A bushel = 8 gallons. Hence, 
277-274 X 8 
3-937' X lOO" 

57. What is the equivalent of the kilogramme in 
grammes, decagrammes, hectogrammes, myriagrammes, 
decigrammes, centigrammes, and milligrammes ? 

58. What is the weight of 1 cubic decimetre, and 
of 1 cubic metre, of distilled water ? 

59. .What is the weight of 1 litre, of 1 decalitre, of 
1 hectolitre, of 1 kilolitre, of 1 myrialitre, of 1 decilitre, 
of 1 centilitre, and of 1 mUlUitre, of distilled water ? 

60. Determine the weight of the same quantities 
of alcohol and of sea-water, whose densities are re- 
spectively 0-747 and 1-025. 
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61. Write and add 3 kilogrammes 2 grammes ; 3 
hectogrammes 3 decigrammes ; 3 decagrammes 3 centi- 
grammes ; 1 gramme 3 milligrammes. 

62. Write and add 2 tons, 13 quintals, 13 kilo- 
grammes, and 200 hectogrammes. 

Ans. 3 tons, 3 quintals, and 33 kilogrammes. 

63. Add 5 tons 4 kilogrammes ; 5 quintals 23 deca- 
grammes ; 4 myriagrammes 3 hectogrammes ; 11 kilo- 
grammes 6 grammes; 1 hectogramme 44 centigrammes; 
1 decagramme 1 decigramme ; and 9 grammes 15 mil- 
ligrammes, 

Ans. 5 tons, 555 kilogrs., 555 grs., 555 mgrs. 

64. Read 13 '08 grammes ; 15*030 kilogrammes ; 
15 '35 myriagrammes ; 0*005 gramme. 

65. What is the weight of 1 stere of beech-wood 
whose density is 0'852, supposing that the empty spaces 
existing between the logs amount to ^ of the bulk ? 

Ans. 710 kilogrammes. 

66. If milk yields 15^ of cream, and cream 21^ of 
butter, how many hectolitres of milk are required to 
make 540 kilogrammes of butter, knowing that a litre 
of milk weighs 1,030 grammes ? 

• Ans. 166 hectolitres 43*5 + litres. 

67. What is the volume of 1251'77 grammes of 
gold whose density is 19 '358 ? 

Ans. 65 cubic centimetres. 

68. What is the weight of a beam of iron 7 metres 
long, 25 centimetres thick, and 55 millimetres wide ? 
The density of iron is 7-788. 

Ans. 5 tons, 354 kilogrammes, 250 grammes. 
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69. What is the volume of 1 kilogramme of mer- 
cury, whose density is 13"596 ? 

Ans. ?3 cubic centim., 551 cubic millimetres. 

70. Determine the equivalent of the pound avoir- 
dupois in kilogramme, and conversely. 

„ ,. 7,000 15-432x1,000 

Suggestion : ' ; ^ ^ „ 

^^ 15-433x1,000' 7,000 

71. The water in a steam-boUer weighs 9| metric 
tons, what volume does it occupy ? Also, when filled 
with sea- water, whose density is 1*035 ? 

Ans. Sea-water occupies 9-512 cubic metres. 

73. Find in the above problem the weight and vol- 
ume of this water (fresh) in equivalent pounds, cubic 
feet, and imperial gallons, 

Ans. 31,450 lbs. ; 344 cubic feet 553 cubic inches ; 
3,145 gallons. 

73. How can a weight of 15 grammes be made in 
French and United States coins ? 

Ans. With 3 francs in silver, or 15 centimes in 
bronze ; with 3 five-cent nickel pieces. 

74. What is, first, the value of 1 kilogramme of 
French-coined silver ; second, of French-coined gold ; 
third, how many 5-franc silver pieces are required to 
make up that weight ? 

Solution. — 1. ~ — = 200 francs. 



3. -' = 3,100 francs. 

„ 1,000 ,„ ., . „ „ 

= 40 silver pieces of 5 francs. 



35 
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75. What would be the weight, first, of 5 mill- 
iards of francs in gold (a milliard being 1,000 mill- 
ions), the indemnity paid by France at the end of the 
Franco-German War ; second, of 1 milliard 800 millions 
of francs, the largest sum of gold ever collected, and 
which lay in the vaults of the Bank of France in 
March, 1876 ? 

^ggestion. 

In silver the weight would be 5,000,000,000 X 5 

,. i.,-,.w. , 5,000,000,000X5 

grammes, and m gold 15-J times less ; — ' • 

J.O*D 

= 1,612 tons, 903 kilogrammes, 226 grammes. 

76. Make 1 decimetre with French and United 
States coins. 

Ans. With 5 pieces of 2 centimes ; or 4 of 5 ; or 
2 of 10 and 2 of 2, etc. ; with five-cent nickel pieces. 

77. The United States postal treaty, with coun- 
tries using the Metric System, recognizes 15 grammes 
as equivalent to ^ ounce avoirdupois ; who benefits by 
it and by what percentage ? 

Ans. The Metric System gains 12'73 grains, or 5'8 
per. centum. 

ADDITIONAL PROBLEMS. 

78. Determine the diameter of the earth in kilo- 
metres and in miles. 

Ans. 12,732 kilometres 395-4 m. = 7,911-7 miles. 
Remark. — In all problems relating to the earth we suppose it a 
perfect sphere ; the diameter here given is almost an average be- 
tween the polar axis, 12,712'22Y, and equatorial diameters, 12,'754'93'7 
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kilometres. Data given by Captain A. R. Clarke, and admitted as 
the most trustworthy. 

79. The nautical mile, or knot, being one minute 
of a terrestrial degree, determine its value ia metres 
and feet. 

Solution. 
10,000,000 



90 X 60 



1,851"85 metres. 



l,851-a.5 X ^^ = 6,075-06 feet. 

I/O 

Remark. — The result is approximative, for the nautical mile ia a 
minute of a degree at the equator, or 1,855 m. =: 6,086'5 feet. 

80. Had the metric division of the circumference 
been generalized, the quadrant would contain 100 
grades, each divided into 100 minutes, and these latter 
into 100 seconds. Determine the equivalents of the 
metre, and succeeding denominations, from the terres- 
trial meridian. 

/Solution. 



100 grades = 10,000' = 1,000,000". 
1 
10,000,000 
1,000,000 



^ "^^^^ = 10,000,000 °^ ^ i^^'^'"^'^* = 



10,000,000 = ^°*^'"°°°'^- 

Hence, 1 decametre = 1_ second. 
1 hectometre = 10 seconds. 
1 kilometre = 100", or 1 minute. 
1 myriametre = 10 minutes. 

81. Determine the velocity of rotation per minute 
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of a given point of the earth, on the equator, on the 
45th and on the 60th parallels. 

Solution. 

,,,, ^ 40,000,000 „„_„ , ., 

At the equator ' ' = 37-777 . . . kilometres. 
A/% X ou 

Radius of the 45th parallel = — = = ?^ = 0-70/ 

of the earth radius ; hence, velocity = 0"70J'X 37'7 . . . 
= 19-SM. . . kilometres. 

Radius of the 60th parallel = | of the earth's ra- 
dius ; hence, velocity — i X 37-77 . . . = 13-888 . . . 
kilometres. 

83. Determine the value in kilometres of the degree 
at the equator on the 30th, 45th, and 60th parallels. 

83. Determine the area of the earth in millions of 
square kilometres, and of square miles. 

Suggestion. 

By problem 78 the diameter of the earth is 13,733-395 

13 732 
kilometres, its area or 4 great circles = 40,000 X — '-z — 

X 4 = 509,395,816 square kilometres, or about 510 
millions of square kilometres, which correspond (Prob. 
39) to about 193-8 millions of square miles. 

84. Determine the volume of the earth in millions 
of cubic kilometres and of cubic miles. 

Suggestion. 
The preceding problem gives the area of the earth, 
and 78 its diameter, hence its volume is — 
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509,395,816 X tfil^ = l,080,millions eff BiilBtoa 
o 

of cubic kilometres. 

Taking the data in miles, found in the same prob- 
lems, we find for the volume of the earth 255,000 mill- 
ions of cubic miles. The same approximation may be 
derived as follows : 

1 cubic metre = 35'314: cubic feet (Prob. 41). 

1 cubic kilometre — 35;314 X 1,000,000,000 = 
3o,314,OOO,OOO,0'Gf0 cubic feet. 

1,080,000,000,000,000 cubic kilometres = 38,139,- 
130,000,000,000,000,000,000,(300 cubic feet. (1.) 

Now, 1 cubic mUe = (3 X 5i X 40 X 8)' = 5,380' 
cubic feet. 

1 million of cubic miles = 5,280' X 1,000,000 cubic 
feet. (3.) 

Dividing result 1 by 3, by logarithms — 
38,139,130,000,000,000,000,000,- ) 

000,000 ' ' ' ' ' h 3t-581369 

" 5,380'=:3X3-733634=11-167903 ) ^ i^-ig^goo 

« 1,000,000-= 6-000000 i 

Difference, li -413467, 
which is the logarithm of the number 359,100,000,00(3', 
or about 259,000 millions of cubic mUes. 

85. The litre used for measuring liquids is a cylin- 
der whose height is double its diameter. Determine 
these dimensions. 

Ans. Diameter = 0-086 ; height — 0-172. 

86, Assuming the altitude of the Peak of Teneriffe 



Log. 
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to be 12,182 feet, first, from how many kilometres is it 
theoretically visible at the sea-level, supposing the 
tangent from the summit sufficiently accurate ; second, 
what is the length of the arc of great circle projection 
of this tangent ? 

Solution.— 12,182 feet = '3,712-6 metres. 



1. Tangent = V (12,732-39 + 3-71) 3-71 = 217-4 kilom. 

2. But angle ^ *-^^^ = 1° 57' 21". 

radius 

.- . Ar-c = 10.000 Xl°5r 21" ^ ,^,.,^^^^^,^^^^ 

87. The pressure of the atmosphere, with the ba- 
rometer standing at 29-92 inches of mercury, is 14-7 
pounds on the square inch. Determine the equivalents 
in the Metric System. 

Solution. 

29'92 

39-92 inches = ^^ = 0.759 metre. 

o9*o7 

1 centimetre = 0-3937 and 1 square centimetre ^ 
0-155 square inch. Representing the pressure on the 
square centimetre by x — 

1 : 0-155 : : 14-7 : x = 2-28 pounds. 
Now, 1 pound, weighs 7,000 grains, and 2-28 lbs. weigh 

7 000 V 2-9S 
7,000 X 2-28 grains = 1543 = 1»034 grammes. 

RuMAEK. — ^In French works the atmospheric pressure is reck- 
oned at 1-033 kilogramme on the square centimetre, the barometer 
standing at 0'16 metre, and the data of this problem allow the con- 
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version of a certain number of atmospheres (the unit of pressure on 
steam-gauges) into their equivalents in pounds, also a certain num- 
ber of inches on the vacuum-gauge in fraction of the atmospheric 
pressure. 

88. One horse-power being 33,000 pounds raised 1 
foot high in 1 minute, to how many kilogrammes raised 
1 metre high in 1 second does it correspond ? 

Solution, 
33,000 



60 



550 pounds raised 1 foot in 1 second. 



7,000 7,000 ... 

1 pound = 3^:432 grammes = jg^ kilogrammes. 

„„„ „ 7-000 

''^ " =1T432X^^«- 

^^°°* =39^17 "'"*''"• 
Hence, 550 pounds raised 1 foot = - ' X 550 X 

5^ = 0-453 X 550 X 0-304 = 75-73 kilogrammes 

raised 1 metre high in 1 second. 

Ebmakk. — 1 pmmd raised 1 fooi high is called 1 foot-pownd. 

1 kilogramme " 1 metre " 1 kilogrammetre. 

The horse-power is reckoned in French works at 75 kilogrammetres 
for the sake of simplicity. A kilogrammetre is equal to — 
16,432 39-3T 
TOOO ^ "T2~ ~ ^'^ ^ ^'^® ~ ^'^^^ foot-pounds. 

89. The mechanical equivalent of heat, according to 
Joule, is 772 foot-pounds : determine its equivalent in 
the Metric System. 
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Solution. 
Let us remark that 'J")'^ foot-pounds represent the 
energy required for raising 1 pound of water 1 degree 
of the Fahrenheit thermometer scale ; had it been 
necessary to raise 1 pound of water 1 degree centi- 
grade, it would need — 

772 X ^^^^^~^^^ = 773 X i = 1,389-6 foot-pounds. 

1 kilogramme of water is raised 1 degree centigrade by 

1,389'6 X -, ' - foot-pounds, which contains 

1 389-6 x^^^' 

l.^»i^ ^ X ^,000 1,389-6 ,-„_,.. 

lm% 39^ ^ ~3^ ^ ^^^'^ kilogrammetres. 



^,000 ^ 13 

Remakk. — French authors, for the sake of simplicity, make the 
mechanical equivalent of heat 425 kilogrammetres. 

90. Determine the equivalents in English measures 
of the metre and of the gramme. 

The metre being a distance taken on the globe 
itself, it was necessary to estimate in English meas- 
ures a terrestrial arc; consequently, assuming 6,076*5 
feet for the mean length of a minute, the metre ought 
to be 39-37573 inches. 

But the meridian, as remarked on page 8, cannot 
be exactly measured, consequently a definitive equiva- 
lent upon such a basis is impossible to be determined. 
The one chosen in this work is that legalized in Eng- 
land and in the United States. 
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Accepting that a cubic inch of distilled water 
weighed in air at a temperature of 62° Fahrenheit, 
with the barometer at 30 inches, weighs 252"438 
grains, we must at first find its weight at 4° centi- 
grade. Making use of Kopp's table, where the maxi- 
mum density of water is given at 39"2° Fahrenheit, 
and 62 '6° is the nearest point to 62°, the volumes of 
water are respectively 0-999877 and 1-001010. 

- • - 1-001010 : 0-999877 :: 252-438 : x - 252-27215. 
The cubic inch equals 16-386 cubic centimetres, hence 
one cubic centimetre of water weighs — 

253.27215 -ir;noi\nA 

16-386 -15-38094 grams. 

But the gramme is that same volume weighed in 

vacuum, and supposing that a cubic decimetre of air 

at 0° centigrade, the barometer standing at 0-76 metre, 

1*293 
weighs 1-293 gramme, then its density is , which 

is also the weight of one cubic centimetre of air ; con- 
sequently, in vacuum, one cubic centimetre weighs 

15-38094 + '^'''^'oo^'"'^' = 15-40083 grains. 

It is beyond our province to examine the incorrect- 
ness of these rough results, for each individual datum 
and each individual operation is open to criticism, and 
the discussion of the above problem is the history of 
the Metric System both in England and in the United 
States. 

THE BliTD. 
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PHYSIOLOGY FOR PRACTICAL USE. By various Writers. Edited 
by James Hinton. With 50 Illustrations, i vol., i2mo. Price, $2.25. 

" This book is one of rare value, and will prove useful to a large class in the community. Its chief 
recommendation is in its applying the laws of the science of physiology to cases of the deianged or diseased 
operations of the organs or processes of the human system. It ia as nioroughly practical as is a book of 
formulas of medicinej and the stvle in which the information is given is so entirely devoid of the myatificatioa 
of technical or scientific terms toat the most simple cau easily comprehend it.''— Boston Gazette, 

** Of all the worke^ipoQ health of a popular cnaracter which we have met with for some time, and we 
are glad to think that this^ most important branch of knowledge is becoming^ more enlarged every day,, 
the work before us appears to be the amplest, the soundest, and the beat." — Chicago Inter-Ocean. 

THE GREAT ICE AGE, and its RelatioxLS to tlie Anticmity d£ 

Man. By James Geikie, F. R. S. E. With Maps, Charts, and numerous Illus- 
trations- I vol., thick i2mo. Price, $2,50. 

*'*The Great Ice A^e^ is a work of extraordinary interest and value. The subject Is peculiarly 
attractive ii> the immensity of its scope, and exercises a fascination over the imagination so absorbing that 
it can scarcely find expression in words. It has all the charms of wonder-tales, and excites scienti& and 
unscientific minds alike." — Boston GazeUe. 

*^£!very step in the process is traced with admirable perspici^ty and fullness by Mr, Geikie." — Zon~ 
don Satwday Review. 

** ^ The Grea^ Ice Age/ by James Geikie, is a book that unites the popular and abBtmse elements of 
scientific research to a remarkable degree. The author recounts a story that is more romantic than nine 
noveU out of ten, and we have read the book from firsts to last with onflagging interest." — B(Mon Comnter.. 
eial SuUetin. 

ADDRESS DELIVERED BEFORE THE BRITISH ASSOCIA- 
TION, assembled at Belfast. By John Tyndall, F. R. S., President Re- 
vised, with additions, by the author, since the delivery. i2mo. 120 pages. 
Paper. Price, 50 cents. 
This edition of this now fiimous address Is the only o:ao authorized by the author, and contains addi- 
tions and corrections not in the newspaper reports, 

THE PHYSIOLOGY OP MAN". Designed to represent the Existing State 
of Physiological Science as applied to the Functions bf the Human Body. By 
Austin Flint, Jr., M. D. Complete in Five Volumes, octavo, of about 500 
pages each, with 105 Illustrations. Cloth, $22,00; sheep, $27.00, Each vol- 
ume sold separately. Price, cloth, $4.50^; sheep, $5.50. The fifth and last 
volume has just been issued- 
The above is by far the most complete work on human physiology in the English language. It treats 
of the functions of the human body irom a practical point of view, and is enrii^ed by many original ex- 
periments and observations by the author. Considerable space is given to physinlogical anatomy, par- 
ticularly the structure of glandular organs, the digestive system, nervous system, blood-vesselB, organs oJ 
special sense, and organs of generation. It not only considers the various functions of the body, from ao 
oxperlmental Btand-j)oint, but is peculiarly rich in ritations of the literature of physiology. It is therefore 
invaluable as a work of reference for those who wish to study the snbiect of physiology exhaustively. As 
a complete_ treatise on a subject of such interest, it should be in the libraries of literary and scientific men, 
KB wen as in the hands of practitioners and students of medicine. Illustrations' are introduced whereve* 
they are necessary for the elucidation of the text. 
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JUST PUBLISHED, 



Money and the Mechanism of Exchange. 

Voi. XVII. of the IwTEaNATiONAL SorasTtFio Sbeies. By "W. Stanley Jevons, M. A., 
F. E. S., Professor of Logic and Political Economy in the Owens College, Man- 
Chester. 1 yol, 12mo. Cloth. Price, $1.75. 

" He oflFers us what a clear-sighted, cool-headed, scientific student has to say on the 
nature, properties, emd natural laws of money, without regard to local interests or na- 
tional bias. His work is popularly written, and every page is replete with solid instruc- 
tion of a kind that is just now lamentably needed by multitudes of our people who are 
victimized by the grossest fallacies." — Popvlar Scie?ice Monthly^ 

" If Professor Jevons's book is read as extensively as it deserves to be, we shall 
have sounder views on the use and abuse of money, and more correct ideas on what a 
circulating mediimi really means." — Boston Saturday Evening Gazette, 

" Prof. Jevons writes In a sprightly but colorless style, without trace of either 
prejudice or mannerism, and shows no commitment to any theory. The time is not 
very far distant, we Jiope, when legislators will cease attempting to legislate upon 
money before they know what money is, and, as a possible help toward such a change. 
Prof. Jevons deserves the credit of having made a useful contribution to a depar't- 
toent of study long too much neglected, but of late yeaj-s, we are gratified to say, be- 
coming less so."— TAe Mnancier, New Tork. 



Weights, Measures, and Money, of all Nations, 

Compiled by F. "W. Clakkb, 8. B., Professor of Physics and Chemistry in the Uni- 
versity of Cincinnati. Price, $1.50. 

" This work will be found veiy useful to the merchant, economist, and banker, as 
the arrangement is highly convenient for reference, and in a form and classification 
never before presented to the public. It also contains a series of tables, arranged alpha- 
betically, showing the value of each unit as given both in the English and the metric 
standards. The metric system is used 'coextensively with the ordinary system, and 
^ a characteristic feature of the book. 

"The contents, among* other things, contain the following usefUl and comprehen- 
sive tables, viz. : I. Measures of Length, in both the Enghsh or American feet or 
inches, and in French metres. II. Boad^Measures in English miles and French kilo- 
metres. III. Land-Measures. IT. Cubic Measures. T. Liquid Measures. TI. 
Dry Measures. TII. "Weights, and finally Money. This latter table is one of the most 
useful and valuable tables probably to be found, giving as it does the standards in 
dollars, fi^ncs, sterling, and marks, and alone is worth the cost of the book." — N. Y, 
Commercial and FinaTu^al Ohronicle. 

"We commend this carefully-prepared and convenient volume to all persons who 
wish to acquire information on the subject of which it treats." — Boston Globe. 

"The work necessary to the production of this little volume has been judiciously 
planned and skillfully executed.!'— CAicag'o Trldune, 
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THE GREAT ICE AGE, 

AND ITS RELATIONS TO THE ANTIQUITY OF MAN. 

By JAMES GEIKIE, F. R. S. E. 

■With Maps, Charts, and numerous Illustrations. 

I vol., thick l2mo. . . . Price, $2.50. 



OPINIONS OF THE PRESS. 

** Intelligent general readers, as well as students of geology, will find more infor- 
mation and reasonable speculation concerning the great glacial epocli of our globe in 
this volume than can be gathered firom a score of other sources. The author writes 
not only for the benefit of his * fellow-hammerers,* but also for non-specialists, and 
any one gifted with curiosity in respect ta the natural history of the earth will be de- 
lighted with the clear statements and ample illustrations of Mr.' Geikie's ' Great Ice 
Age.' " — Episcopal Register. 

" ' The Great Ice Age ' is a work of extraordinary interest and value. The subject 
is peculiarly attractive in the immensity of its scope, and exercises a fascination over the 
imagination so absorbing that it c^n scarcely find expression in words. It has all the 
charms of wonder-tales, and excites scientific and unscientific minds alike." — Boston 
Gazette. 

" Mr. Geikie has succeeded in writing one of the most charming volumes in the 
library of popularized science." — Utica Herald. 

" We cannot too heartily commend the style of this book, which is scientific and yet 
popular, and yet not so popular as to dispense with the necessity of the reader's putting 
his mind to work in order to follow out the author in his forcible yet lucid arguments. 
Nor can the attentive reader fail to leave the work with the same enthusiasm over the 
subject as is shown in every page by the talented anihoi."— Portland Press. 

"Although Mr. Geikie's position in the scientific world is such as to indicate that 
he is a pretty safe teacher, some of his views are decidedly original, and he does not 
make a point of sticking to the beaten f^ih.." —Springfield Union. 

"Prof. Geikie's book is one that may well engage thoughtful students other than 
geologists, beating as it does on the absorbing question of the unwritten history of our 
race. The closing chapter of his work, in which, reviewing his analytical method, he 
constructs the story of the checkered past of the last 200,000 years, can scarcely fail to 
give food for thought even to the indifferent."— .Sj{^& Courier. 

" Every step in the process is traced vrith admirable perspicuity and fullness by 
Mr. Geikie." — London Saturday Review. 

" It offers to the student of geology by far the completest account of the period yet 
published, and is characterized throughout by refreshing vigor of diction and originaUty 
•f thought."— G&i^iB Herald, 
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THE EXPANSE OF HEAVEN; 

A Series of Essays on the Wonders of the Firmament. 

By R. A. PROCTOR, B. A. 

I vol., i2mo. Cloth Price, $2.00. 

" It is Mr. Proctor's good fortune that not only is he one of the great- 
est of living astronomers, but Jhat he has a power of imparting knowl- 
edge that is not equaled by any living astronomer. His style is as 
lucid as the light with which he deals so largely, and the plainest of 
readers can go along with him with entire ease, and comprehend all 
that he says on the grandest subject ever discussed by mortal intelli- 
gence. Most scientific writers either cannot or will not so use the pen 
as to make themselves understood by the many ; not so with Mr. 
Proctor : he both can and does so write as to command the attention of 
the million, and this too without in the least derogating from the real 
dignity of his sublime theme. Few of us can study astronomy, because 
that implies a concentrated devotion to an inexhaustible matter, but 
we all can read astronomical works to our great advantage if astrono- 
mers who write will but write plainly ; and in that way, without having 
the slightest claim to be spoken of as " scientists," we can acquire no 
ordinary amount of knowledge concerning things that are of the loftiest 
nature, and the effect of which must be to elevate the mind. Such a 
book as ' The Expanse of Heaven ' cannot fail to be of immense use 
in forwarding the work of education even when it is read only for 
amusement, so forcible is the impression it makes on the mind from 
the importance of the subjects treated of, while the manner of treat- 
ment is so good." — Boston Traveller. 

"Since the appearance of Ennis's book on 'The Origin of the 
Stars,' we have not read a more attractive work on astronomy than 
this. It is' learned enough to be instructive, and light enough to be 
very entertaining." — Alta California. 

" It reads like a work of fiction, so smooth and consecutive is it ; 
but it inspires the worthiest thoughts and the highest aspirations." — 
Boston Commonwealth. 

" Perfectly adapted to their purposes, namely, to awaken a love for 
science, and at the same time to convey, in a pleasant manner, some 
elementary facts." — Church Herald. 

"This is not a technically scientific work, but an expression of a 
true scholar's conception of the vastness and grandeur of the heavens. 
There is no dry detail, but blended with the scholar's discoveries are 
the poet's thoughts, and a true recognition of the Almighty's power." 
— Troy Times. 
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THE POPULAR SCIENCE MONTHLY. 

CONDUCTED BX 



This periodical was started (in 1872) to promote the dij^sion of valuable sci- 

mtMJki knowledge^ in a readable and attractive form, among all classes 

of the c<m/m/wmty, a/tid has thus fa/r met a want supplied by 

no other magaeine in the United States. 



lEight volumes have now appeared, which are filled with instructive and interesting 
articles and abstracts of articles, original, selected, translated, and illustrated, from the 
pens of the leading scientific men of diflferent countries. Accounts of important scien- 
tific discoveries, the application of science to the practical arts, and the latest views put 
forth concerning natural phenomena, have been given by savants of the highest au- 
thority. Prominent attention has been also devoted to those various sciences which 
help to a better understanding of the nature of man, to the bearings of science upon 
the CLuestions of society and government, to scientific education, and to the confiicts 
which spring from the progressive nature of scientific knowledge. 

The Popular Soienob Monthi-y has long since ceased to be an experiment. It 
has passed into a circulation far' beyond the most sanguine hopes at first entertained, 
and the cordial and intelligent approval which it has everywhere met, shows that its 
close and instructive discussions have been well appreciated by the reading portion of 
the American people. It has not been its policy to make boastful promises of great 
things to be done in the future, but rather to appeal to what it has already accom- 
plished as giving it a claim upon popular patronage. But no pains will be spared to 
improve it and make it still more worthy of liberal support, and still more a necessity 
to the cultivated classes of the country. 



The Popular Scienob Montbxt is published in a large octavo, handsomely printed 
on clear type, and, when the subjects admit, fully illustrated. Each number contains 
128 pages. 

Terms : $5 per Annum, or Fifty Cents per 19'umber. 

Postage free to all BwbscHbers i/n tlhe United States, from- January 1, 1S75, 

A new volume of The Popttlar Science Monthly begins with the numbers for 
May and November each year. Subscriptions may commence from any date. Back 
numbers supplied. 

Now Beady, Vols. /., //., III., TV., Y,, YL, YIL, <md YJIL, qf the Popular 
Science Monthly, embracing the numbers from 1 to "48 (May, 1872, to Api-il, 1876). 
8 vols., 8vo. Cloth, $3.50 per vol. Half Morocco, $6.50 per vol. 

For Sale, Binding Cases for Yols. /., II., Ill, lY., F, YL, YII, omd YIIL, 
of The Popvla/r Science Monthly. These covers axe prepared expresslv for bindmg 
the volumes of The Popular Soihnob Monthly as they appear, and will be sent to 
Subscribers on receipt of price. Any binder can attach the covers at a trifling expense. 
Price, 50 cents each. 

Address D. APPLETON ^ CO., Publishers, 

649 & &51 Broad wnr, New Tort. 



